RESULTS:
The true positive rate was 3.6% per order. The most common physician-selected indications were fever and leukocytosis, neither of which alone was highly predictive of true positive blood cultures. The only indication significantly associated with a true positive blood culture was "follow-up previous positive" (likelihood ratio Blood cultures are the gold standard test for the diagnosis of bloodstream infections (BSI). Given the high mortality associated with BSI, [1] [2] [3] physicians have a low threshold to obtain blood cultures. 4, 5 Unfortunately, physicians are poor at predicting which hospitalized patients have BSI, 6, 7 and published guidelines do not provide clear indications for the use of blood cultures. 8 As a result, current practice follows a "culture if spikes" paradigm, whereby inpatient providers often obtain blood cultures in the setting of any fever. This is the most common anticipatory guidance communicated between providers, involving up to 75% of written sign-out instructions. 9 The result is a low rate of true positive blood cultures (5%-10%) [10] [11] [12] with only a slightly lower rate of false positive blood cultures (contaminants). [12] [13] [14] False positive blood cultures often lead to repeat blood cultures, unnecessary antibiotic use, and increased hospital cost and length of stay. 13 Over the last several years, there has been an increased emphasis on practicing high-value care by avoiding unnecessary and duplicate testing. In 2012, the American Board of Internal Medicine introduced the Choosing Wisely campaign, with specific initiatives to reduce medical waste and overuse. Given the low yield of blood cultures, guidance on patients in whom blood cultures are most appropriate would be welcome. Studies assessing risk factors for bacteremia have led to the development of multiple stratification systems without overall consensus. 10, [15] [16] [17] [18] [19] [20] Furthermore, much of the current literature on blood culture utilization includes cultures drawn in the emergency department (ED) or intensive care unit setting (ICU). 10, [18] [19] [20] Less is known regarding the rates of positivity and utility for blood cultures drawn on patients hospitalized on an acute care medical ward.
Our study had 3 main objectives: (1) determine the rates of true positive and false positive blood cultures among hospitalized medical patients, (2) determine the ability of physician-selected indications and patient characteristics to predict BSI, and (3) identify populations in which blood cultures may not be necessary.
PATIENTS AND METHODS

Study Design
We conducted a prospective cohort study of all hospitalized medical patients for whom blood cultures were ordered and received by the microbiology laboratory. This investigation was approved by the Veterans Affairs (VA) Boston Healthcare System internal review board.
Patients and Setting
During a 7-month period (October 1, 2014-April 15, 2015) , all blood culture orders were reviewed for indication and result each day (and on Monday for weekend blood cultures) at a large VA teaching hospital (approximately 6200 admissions each year). As part of the electronic medical order, providers selected from among a list of common indications. Options included various clinical signs and diagnoses, and providers could select more than 1 indication. Each blood culture order triggered a phlebotomist to draw 2 separate blood culture sets (each set consisted of 1 aerobic and 1 anaerobic blood culture bottle).
Inclusion criteria included admission to 1 of 5 general medical service teams or 1 of 2 cardiology teams. Given that the study hospital does not have dedicated subspecialty service teams (with the exception of cardiology), all patients with medical diagnoses are cared for on the general medical service.
Predictor and Outcome Variables
Patient characteristics were obtained via chart review. Fever was defined as a single temperature greater than 100.48F within 24 hours prior to a blood culture order. Leukocytosis was defined as a white blood cell count greater than 10,000 within 24 hours of a blood culture order. Patients were considered to have received antibiotics if an order for an antibacterial or antifungal agent was active within 72 hours prior to the blood culture order. Each blood culture order was assigned a working diagnosis that prompted the order. These working diagnoses were identified by chart review as documented under the provider's assessment and plan and were not necessarily the primary diagnosis prompting hospitalization.
Classification of positive blood cultures into true and false positive was determined by consensus among the microbiology and the infectious disease departments after review of clinical and laboratory data, consistent with a previously established practice at the hospital. A true negative culture consisted of any culture that was not a true positive or a false positive. A blood culture order was defined as an electronic entry and included all sets of blood cultures drawn as a result of that order. Consistent with previous literature, a blood culture episode was defined as all blood cultures ordered within a 48-hour period starting at the time of the first culture. 10 For patients with multiple admissions during the study period, each admission was considered a unique patient.
Statistical Analysis
Rates of true and false positivity of blood cultures were calculated. In addition, positive likelihood ratios (LR1) for true positive blood cultures were calculated using JMP statistical software (SAS Institute, Inc., Cary, NC).
RESULTS
Overall
A total of 576 blood culture orders (467 blood culture episodes) were completed on 363 hospitalized medical patients during the study period. Five hundred forty orders were placed on patients on general medical services and 36 orders on patients on the cardiology services. Four hundred eighty-seven (85%) orders resulted in 2 sets of cultures being drawn, 87 (15%) resulted in 1 set of cultures, and 2 (0.3%) resulted in 3 sets of cultures. The median time between admission and culture draw was 2 days (range, 0-72 days), with 57% of cultures drawn during hospital day 0 to 2, 24.5% drawn between hospital day 3 to 7, and 19.4% drawn after hospital day 7. The average age of the patients was 70.4 years, and 94% were men. Additional patient characteristics are shown in Table 1 .
The true positive and false positive rates per blood culture order were 3.6% (21/576) and 2.3% (13/576), respectively ( Table 2) . Similar values were seen per blood cultures episode (3.4% and 2.7%, respectively). The true positive blood culture rates per order and episode were significantly lower than those drawn on emergency room patients during the study period (41/570, 7.2%, P < 0.05).
For the true positive cultures, gram-positive organisms were isolated most frequently (14/21, 67%) with Staphylococcus aureus identified in 2/21 (10%) positive cultures and Enterococcus faecalis identified in 7/21 (33%) positive cultures. Gram-negative organisms were or more species of coagulase-negative Staphylococcus (11/13, 85%).
Predictors of True Bacteremia
The 4 most common working diagnoses prompting a blood culture order were pneumonia, bacteremia/endocarditis, urinary tract infection, and a noninfectious diagnosis (eg, syncope), with each prompting approximately 17% of the total orders (Table 2) . Of these, only a primary diagnosis of bacteremia/endocarditis was predictive of a true positive culture, yielding a rate of 12.3% (LR1 3.7, 95% confidence interval [CI]: 2.5-5.7). No other diagnosis was predictive of true positivity. A diagnosis of pneumonia yielded no true positive and 4 false positive blood cultures (3.9%), whereas a noninfectious diagnosis yielded only 1 true positive (1.0%) and 5 false positives (5.0%). The positive likelihood ratios for these 2 diagnoses were 0.1 (95% CI: 0.00-1.9) and 0.3 (95% CI: 0.04-1.8), respectively. Indications were selected for 530 of 576 (92%) blood culture orders ( Table 2 ). The most common indication was fever alone (25.6%), followed by fever with an additional indication (22.2%), follow-up positive blood cultures (11.3%), fever and leukocytosis (9.4%), and leukocytosis alone (9.4%). Only followup positive blood cultures was predictive of a true positive, with a LR1 of 3.4 (95% CI: 1.8-6.5). A total of 14 patients (3.9%) had true positive blood cultures. For these patients, 10/14 (71%) had 1 true positive blood culture, 3/14 (21%) had 2 true positive blood cultures, and 1/14 (7%) had 5 true positive blood cultures. The average number of cultures drawn was 4.9. The clinical characteristic most predictive of a true positive blood culture was the absence of recent antibiotic administration. If the blood culture was ordered on a patient not receiving antibiotics (true positivity rate 7.2%, 16/222), the LR1 was 2.1 (95% CI: 1.6-2.7). In a patient not receiving antibiotics who was also noted to have fever and leukocytosis (true positivity rate 17.6%, 3/17), the LR1 was 5.6 (95% CI: 1.8-18.2). Conversely, patients receiving antibiotics were rarely found to have true positive blood cultures (true positivity rate 1.4%, 5/354) with a LR1 of 0.4 (95% CI: 0.2-0.8).
DISCUSSION
In this prospective study, we determined the diagnostic yield of blood cultures ordered on hospitalized medical patients to be low, with just 3.6% of orders identifying a true BSI. This was coupled with a similar false positive rate of 2.3%. Our study found rates of true positive blood cultures much lower in hospitalized medical patients than in rates previously described when ED and ICU patients were included. 11, 16 Although ordering blood cultures is a routine clinical behavior when there is concern for an infection, a clinician's ability to subjectively predict who has a BSI only improves the likelihood 2-fold. 6 Despite the availability of multiple scoring systems to aid the clinicians, 10,21,22 our study found that over 50% of cultures were ordered in the setting of fever or leukocytosis, potentially demonstrating a triggered response to an event, rather than a decision based on probabilities. This common clinician instinct to "culture if spikes" is an ineffective practice if not coupled with additional clinical information. In fact, in 1 retrospective study, there was no association between fever spike and blood culture positivity. 23 Our study suggests that objective and easily obtainable clinical characteristics may be effective in helping determine the probability of blood cultures revealing a BSI. Although more robust prediction models have value, they often require multiple inputs, limiting their utility to the bedside clinician. Stratifying patients by either antibiotic exposure or working diagnosis may provide the most benefit for the hospitalized medical patient. For those on antibiotics, the yield of true positive blood cultures is so low that they are unlikely to provide clinically useful information. In fact, although nearly two-thirds of cultures were obtained after antibiotic exposure, only 1 (0.2%) of these patients had a culture that provided additional information regarding a BSI. Bacteremia had already been established for the other 4 patients. These results are similar to a prior study, which concluded that physicians should wait 72 hours from time of preantibiotic cultures before considering additional blood cultures given the lack of additional information provided. 24 The working diagnosis also drives the probability of a positive blood culture. As has been shown with other studies, blood cultures are unlikely to diagnose a BSI for patients being treated for either cellulitis or pneumonia. [25] [26] [27] In our study, the working diagnosis prompting the most blood cultures was pneumonia, with the false positive rate exceeding the true positive rate, a finding consistent with previous literature. This situation may lead to the addition of unnecessary antibiotics while waiting for a positive culture to be confirmed as a false positive (eg, vancomycin for a preliminary culture showing gram-positive cocci in clusters).
There are a number of limitations to our study. Physician-chosen indication may not correlate with the actual clinical picture and/or may not represent the full set of variables involved in the clinical decision to order a blood culture. However, the subjective clinical indication and the objective clinical criteria found in the chart provided similar LRs. Our study did not evaluate the potential harm of not ordering a blood culture. We also did not assess the value of a true negative culture particularly in patients with endovascular infections where additional cultures are often required to document clearance of bacteremia. Lastly, our study applies to patients on a hospitalized medical service and was performed at a VA hospital with a specific population of elderly male patients, which may limit the generalizability of our results.
Despite these limitations, this study benefits from its prospective design, along with the fact that >90% of blood culture orders placed included a corresponding indication. This provides insight into physician clinical reasoning at the time the blood culture was ordered. In addition, our ability to calculate likelihood ratios provides bedside physicians with an easy and powerful way of modifying the probability of BSI prior to ordering blood cultures, aiding them in providing high-value clinical care while potentially reducing testing overuse.
The acceptability of not obtaining blood cultures may vary by clinical experience and by specialty. Physicians must weigh the low true positive rate against the consequences of missing a BSI. Although not a substitute for clinical judgement, the LRs in this study can provide a framework to aid in clinical decision making. For example, assuming a pretest probability of 3.6% (the rate of true positive for our entire cohort), blood cultures may not be equally as compelling in 2 similar patients with fever. The first is not on antibiotics and also has a leukocytosis. The second is being treated for pneumonia and is already on antibiotics. For the first patient, using a LR1 of 5.6 (for the fever and leukocytosis in the absence of antibiotics) modifies the patient's probability of a true positive blood culture to 17.3%. Blood cultures should be ordered. In contrast, for the second patient, using a LR1 of 0.4 (for the presence of antibiotics) decreases the patient's probability of a true positive blood culture to 1.5%. Armed with these data, the bedside clinician can now decide whether this rate of true positivity warrants blood cultures. For some, this rate will be comfortably low. For others, this rate will not assuage them; only the negative culture will. Our data are not meant to make this decision, but may aid in making it a probabilitybased decision.
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